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Chemical Sensing Requirements
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THE PRINCIPLE OF OPTICAL DETECTION
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il Concept of Integrated Multigas Sensor on Si

Gas sensing cell —
PA detector with
MEMS pPhone

Replace bulky
multipass
cells
Photonics Integrated Circuit
Beam Combiner
Array 8::::: ?ncsiscade Replace costly and
fragile discrete
Multigas detection optics Challenges in the realization of a fully
enabler integrated optical lab-on-chip S Nicoletti, P

Barritault, S Boutami, M Brun, A Gliere... -
SENSORS, 2014 IEEE, 2014
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Cascade laser on Si — Leti Approach
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= Transfer the IllI-V stack on the Si 4 o
Nt , ) ‘ —

2' InP wafer with 8’ Si wafer with InP/Si Surface cleaning and preparation
QCLepitaxyontop  $i02 bonding layer on top

= Manage light coupling

= Electrical injection

= Thermal management
Backing at 200°C f\

N - <
= Process QCL in 200 mm CMOS pilot line : — s
Substrate removal Bonding of wafer front faces

> Increase fabrication yield
InP Wafers with QCL epilayers
> Improve laser quality 2 Fraunhofer

IAF

> Reduce cost
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wiidll Cascade laser on Si — Leti Approach

DFB  Doped InGaAs
@ topconacT / 3§

BOTTOM ' BOTTOM
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1

C-MOS compatible process
Std. IC technology

Wafer level test
98% Yield
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Mid-IR Integrated Photonics

Wavelength (um)
100 99 98 97 96 95 94 93 92  9f

1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100

+ SilSiGe/Si & SiGe/GelSiGe Wavenumber (cm-1)
« Wavelength band coverage: 3 to 10 ym

« Technical topic: AR coating to reduce the injection losses




Si Photo-Acoustic cell
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Photoacoustic cell From 100 ppm down to ppb



On-Chip PA Sensors — Takeaway

"QCLon Si

M-PA on Si

/

IOT ready |

Industry
Process control
Emission monitoring

Defense
Hazardous chemical detection

Healthcare
Breath analyses
Early diseases detection

Environment
Air quality monitoring
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il PhotoAcoustic detection

LASER RADIATION
{(modulated/pulsed)

absorption l I hc/h

EXCITATION
(vibration/electronic)

deactivation

HEATING
(localized, transient)

expansion
contraction
ACOUSTIC PRESSURE

FLUCTUATIONS
(standing, pulsed)

fw;1[Mp

[ MICROPHONE

Intensity _
modulation Signal

microphone Data

/ Treatment

Reference Synchronous

signal ( de)modulation
y — DLQ

S = Ry Py

PA WV, M= 0
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TIMELINE

Feed-back C b

R>90% R~50%

A 3 To fiber
- Gain region

) (N Siwaveguide = ( Ji )  } ¥

Side view

QCL on Si — evanescent
coupling

PA sensor on chip —
One chemical

‘/ PA Gas detector on Si

‘/PA Gas detector
by 3D Printing
‘/ Multi gas PA sensor fully
QCLonSi—Ver. 1 \/ integrated on Si
On - chip Particle
Matter (PM1) sensor
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